Background: Polymerase chain reaction (PCR) methods from direct specimen are widely used for the rapid and accurate detection of mycobacteria infection. In this study, we evaluated two domestically developed detection kits for Mycobacterium tuberculosis (MTB) and nontuberculous mycobacteria (NTM) using real-time PCR. Methods: A total of 348 samples from patients with suspected tuberculosis were tested with real-time PCR over seven months. We performed real-time PCR using the recently developed Anyplex plus MTB/NTM Detection kit (Seegene) with the CFX 96TM Realtime PCR System (Bio-Rad Laboratories) and the conventional AdvanSure TB/NTM real-time PCR kit (LG Life Sciences) with the SLAN Real-time PCR detection system (LG Life Sciences) to evaluate their performance for detecting MTB and NTM. Results: The two real-time PCR systems showed 96.8% concordance rate for MTB-positive, NTM-positive, and negative results. Based on culture results, the sensitivity and specificity for the detection of MTB using PCR were 71.0% and 94.9% for Anyplex plus, and 78.1% and 93.9% for AdvanSure, respectively. For the detection of NTM, the sensitivity and specificity were 33.3% and 98.4% for Anyplex plus, and 51.7% and 97.9% for AdvanSure. Both PCR systems showed high MTB positive results in bronchial washing and sputum samples.
INTRODUCTION
Diagnosis of tuberculosis (TB) is often very difficult due to many different clinical presentations. When acid-fast bacillus (AFB) is detected in a sample obtained from TB suspected lesion and is identified as Mycobacterium tuberculosis (MTB), the diagnosis can be made easily. However, more often the organism is not detected, and TB culture requires very long time, thus, the diagnosis is made after comprehensive interpretation of clinical presentation, radiographic findings, and many other examinations. TB nucleic acid amplification (NAT) test is a molecular biological test which amplifies and identifies TB specific DNA using polymerase chain reaction (PCR). Although molecular biological test cannot replace the conventional smear and culture methods, it can be used as a useful supplementary test because it has many advantages including high sensitivity and specificity, and short result processing time [1] .
Almost all of the molecular diagnostic kits used in Korea were domestic products except for COBAS Taqman MTB Test (Roche, Basel, Swiss). AdvanSure TB/NTM real-time PCR kit ( LG Life Sciences, Seoul, Korea) was most widely used, followed by products from MTB Real-time PCR (Bioneer, Daejeon, Korea), NTM & MTB PCR Kit (Biosewoom, Seoul, Korea), and Anyplex MTB/NTM Real-time Detection (Seegene, Seoul, Korea) [2] . AdvanSure TB/NTM real-time PCR (LG Life Sciences) uses IS6110 primer for the detection of MTB complex The conventional PCR uses only the primer and not the probe. Thus the amplification reaction specificity can be decreased compared to real-time PCR, and it also has the risk of contamination or carry-over by the amplified products. As a consequence, there is a recent trend of increase in using real-time PCR for the detection of MTB/NTM [3] . In Korea, more than 10% of AFB positive sputum are being identified as NTM instead of MTB [4] , thus the use of methods that can detect both MTB and NTM, instead of MTB alone, is on the rise.
In this study, we evaluated and compared the performances of two real-time PCR systems. The most widely used MTB molecular diagnostic kit, AdvanSure TB/NTM real-time PCR (LG Life Sciences) and the recent MTB/NTM diagnostic kit, Anyplex plus MTB/NTM Detection (Seegene).
MATERIALS AND METHODS

Samples
We selected a total of 348 samples that were transferred to (Fig. 1 ). There were 92 DNA samples stored frozen.
Five samples were from patients under MTB treatment. There were no duplicates among the referred samples. This study was approved by the institutional review board of Eulji University Eulji General Hospital.
Acid fast bacilli (AFB) stain
Ziehl-Neelsen method using Carbol-fuchsin was performed and interpretations were made according to American CDC standards [5] .
Culture
The result was positive when there was growth in at least one of either liquid or solid culture media. The MTB confirmation of positive culture was performed using MTB Real-time PCR kit (Bioneer). According to the types of samples, we used 2 to 4. Remove the supernatant, add 1X PBS 1 mL and mix well.
5. Centrifuge for 5 minutes at 15,000 ×g (13,000 rpm) and remove the supernatant using the pipette.
6. Add 1X PBS 1 mL and mix well.
7. Centrifuge for 5 minutes at 15,000 ×g (13,000 rpm) and remove the supernatant using the pipette. 
Statistics
Sensitivity, specificity, positive predictive rate, and negative predictive rate were obtained using Microsoft Excel 2010 software (Microsoft, Redmond, WA, USA). Chi-square test (χ2 test) was used to compare the sensitivity between two methods. P value of less than 0.05 was considered statistically significant. Based on the culture result, the sensitivity, specificity, pos- Based on the culture result, the overall concordance rate of two methods was 96.8% (270/279). For discordant results, 6 samples were positive for both culture and AdvanSure TB/NTM real-time PCR (LG Life Sciences) but were negative using Anyplex plus MTB/NTM Detection Kit (Seegene), and 3 samples were negative for both culture and Anyplex plus Table   3 ). The overall concordance rate between two methods was 96.8% (330/341) ( Table 4) . A total of 11 samples showed discordant results (Table 5) 
RESULTS
DISCUSSION
CDC recommended that NAT should be performed on at least one respiratory specimen from each patient with signs and symptoms of pulmonary TB for whom a diagnosis of TB is being considered [6] . Also in Korean MTB protocol, MTB NAT is recommended 1) if pulmonary MTB is suspected but showed negative smear result or 2) if AFB smear is positive and there is a possibility of NTM, and 3) it is considered helpful for the diagnosis of extra-pulmonary MTB [1] . The number of new mycobacterial species has increased over the years and since there are no distinct phenotypic differences to identify new species, molecular tests were mostly being used [3] . The molecular biological method used in this study is the real-time PCR method, through which the fluorescent dye is bound to the amplified genetic material and the real-time measurement of fluorescent dye is analyzed. This PCR method does not require electrophoresis or hybridization processes, thus the contamination rates had improved and test time was shortened compared to conventional PCR methods [7, 8] . In Korea, the percentage of institutions using the real-time PCR for molecular biological test of MTB gradually rose from 66% in 1999 to 94% in 2013 [2] .
In a previous study, Anyplex plus MTB/NTM Detection Kit (Seegene) on pulmonary samples showed the sensitivity of 87.5% and specificity of 98.2%, and for AFB stain positive samples, the sensitivity was 95.2% and specificity was 72.7% [9] . In another study which included extrapulmonary samples, Anyplex plus MTB/NTM Detection Kit (Seegene) showed the sensitivity of 82.9% and specificity of 99.4%, and for AFB stain positive samples, the sensitivity was 91.7% [10] . In this study of Anyplex plus MTB/NTM Detection Kit (Seegene), we included both pulmonary and extrapulmonary samples and showed the sensitivity of 71.0% and specificity of 94.9%, and for AFB stain positive samples, the sensitivity was 95.8%, and specificity was 93.9%. Overall sensitivity was lower than previous studies but sensitivity for AFB stain positive samples was similar.
AdvanSure TB/NTM real-time PCR (LG Life Sciences) showed the sensitivity of 78.1% and specificity of 93.9% which had higher sensitivity than Anyplex plus MTB/NTM Detection Kit According to the manufacturer's instruction, the positive cut-off Ct value of AdvanSure TB/NTM real-time PCR (LG Life Sciences) for MTB detection was Ct ＜35; however, one study reported the best predicted stain positivity with a sensitivity of 95.0% and a specificity of 32.0% when the cut-off Ct value of ＜33.2 was used [11] . Therefore, further studies involving the optimal cut-off Ct value for the detection of MTB and NTM would be needed. Whether AdvanSure system is more sensitive in detecting M. intracellulare or other NTM species would need further evaluation using NTM samples identified of their species using multiple measures such as DNA sequencing, and/or culture methods.
One patient who was MTB positive by culture were treated for the infection, and one of 5 patients who were NTM positive by culture were treated for MTB. A patient who was not tested by culture and 2 patients who were negative by culture were treated for MTB (Table 5) . Thirteen patients, who were clinically suspected of MTB but showed negative results in all TB culture, AFB stain, and PCR tests, were still treated for MTB because they were clinically diagnosed as active MTB (data not shown).
There were several limitations of this study. First, we were not able to compare the detection performance of two methods according to AFB grade because the reporting of AFB stain had recently been changed from WHO standard to CDC standard. Second, the samples for TB culture, AFB stain, and PCR were performed using samples from separate containers. Because the samples for TB culture, AFB stain, and PCR were separately delivered in several containers, the results might have been affected. Also, culture and PCR test were not simultaneously performed which could have influenced the results as well.
Third, the overall number of positive samples was very small and this could have given us rather low positive predictive value. Especially, there were too few NTM positive samples to give us a chance for any satisfactory comparison. Fourth, due to the lack of positive samples in the last phase of the study, the tests were performed after gathering the samples. Using the stored DNA (92 samples) for the testing could have affected the results. Fifth, we should have confirmed the results using other methods such as DNA sequencing in cases of discrepancies between two methods, but we could not perform the further confirmation because samples tested for PCR were inconsistent (collected at different times from same patients) and the study was retrospectively designed. Lastly, there was a change of automated liquid culture system in our laboratory which could have also influenced our results.
In conclusion, Anyplex plus and AdvanSure real-time PCR assays for MTB and NTM detection showed high concordance rate of performance. Both methods showed high sensitivity and specificity in detecting MTB with favorable cost and time efficiency. Thus both real-time PCR assays can be used in rapid and reliable diagnosis of MTB.
